The hydroclimatology of tropical South America is strongly coupled to low-frequency large-scale oceanic and atmospheric phenomena occurring over the Pacific and the Atlantic Oceans. In particular, El Niño-Southern Oscillation (ENSO) affects climatic and hydrologic conditions on timescales ranging from seasons to decades. With some regional differences in timing and amplitude, tropical South America exhibits negative rainfall and streamflow anomalies in association with the low-warm phase of the Southern Oscillation (El Niño), and positive anomalies with the high-cold phase. Such dependence is illustrated in the hydroclimatology of Colombia through several empirical analyses: correlation, empirical orthogonal functions, principal component, and spectral analysis, and discussion of the major physical mechanisms. Observations show that ENSO's effect on river discharges occurs progressively later for rivers toward the east in Colombia and northern South America. Also, the impacts of La Niña are more pronounced than those of El Niño. Evidence is also presented to show that processes arising from land-atmosphere interactions in tropical South America affect sea surface temperatures in the Caribbean and the north tropical Atlantic. A hypothesis is formulated to explain these feedback mechanisms through perturbations in precipitation, soil moisture, and evapotranspiration over the continent. To begin with, the occurrence of both phases of ENSO affects all those fields. The proposed mechanisms would constitute the ''landatmosphere'' bridge connecting Pacific and Atlantic SST anomalies.
Introduction
The annual distribution of rainfall over tropical South America is primarily influenced by the position of the intertropical convergence zone (ITCZ). The main controls of the rain space distribution are the presence of the Andes mountains and the eastern Pacific, and western Atlantic Oceans, the atmospheric circulation over the Amazon basin, and vegetation and soil moisture contrasts. Large quantities of precipitation, evapotranspiration, soil moisture, and runoff are present in tropical South America, as compared with world averages. The region is a major center of convective activity, mostly developed within large cumulonimbus clouds, from which latent heat is continuously released into the atmosphere thus influencing the Hadley cells and overall global circulation (Riehl and Malkus 1958) . The excess of precipitation over evapotranspiration in the region is such that the combined runoffs of the Amazon, Orinoco, and Magdalena rivers account for 18.3% of the total inflow to the world oceans (Baumgartner and Reichel 1975, 95) . The Atrato River in Colombia drains 35 702 km 2 of the wettest areas of the planet, producing a mean annual discharge of 4557 m 3 s Ϫ1 and an equivalent runoff of 127.6 L s Ϫ1 km Ϫ2 , 5-6 times larger than the Amazon. The origin of this highly wet region over northwestern South America lies in the low-level westerly flow from the Pacific Ocean over inland Colombia. These winds are colder and moister than the dominant easterly trades from the Atlantic and the Caribbean (López and Howell 1967) . The confluence of the two winds, combined with the effects of surface warming and orographic lifting, produces a highly unstable atmospheric profile causing strong convection and heavy precipitation along the Pacific coast and western flanks of the Cordillera Occidental. This region is favored for development of tropical mesoscale convective complexes (Velasco and Fritsch 1987) .
On interannual timescales, low-frequency large-scale ocean-atmosphere phenomena are highly coupled to the hydroclimatology of the region. In particular, El Niño-Southern Oscillation (ENSO) is a major forcing mechanism of climatic and hydrological anomalies. The physics of ENSO and its climatic consequences can be found in Horel and Wallace (1981) , van Loon and Madden (1981) , Rasmusson and Carpenter (1982) , Glantz et al. (1991) , Ropelewski and Halpert (1987) , Rasmusson (1991) , Trenberth (1991) , and Diaz and Markgraff (1992) .
The purpose of this paper is twofold: 1) to study the
N O T E S A N D C O R R E S P O N D E N C E
FIG. 1. Time evolution of the SOI (dotted line), the monthly discharges of the Cauca River, Salvajina, Colombia (solid thick line), and average precipitation in the Amazon River basin. Data have been low-pass (12-month) filtered.
interannual variability of hydrologic anomalies of rainfall and river discharges in tropical South America, particularly Colombia and the Amazon River basin, and to identify their relationship with ENSO, and 2) to present evidence suggesting that hydrological processes in the region can influence oceanic-atmospheric interactions in the Caribbean and northern tropical Atlantic. We hypothesize a model to explain the nature of this feedback with the support of independent observations. In conclusion, the implications of long-term oscillations, such as ENSO, for regional hydroclimatology and water resources planning, are discussed.
Empirical analyses
Overall, there is a coherent pattern of hydrological anomalies in tropical South America during extreme phases of ENSO. This is clear in regions of Costa Rica (Waylen et al. 1996) ; Panama (Estoque et al. 1985) ; Colombia (Poveda and Mesa 1993; Poveda 1994; Poveda and Mesa 1995) , Venezuela (Pulwarty et al. 1992) , some regions of Ecuador (Gessler 1995) , Amazon basin rainfalls and discharges (Vörösmarty et al. 1996; Kousky and Kayano 1994; Marengo and Hastenrath 1993; Marengo 1992; Obregón and Nobre 1990; Richey et al. 1989; Lau and Sheu 1988) , and other regions of Brazil (Kousky et al. 1984; Rao and Hada 1990; Hastenrath and Greischar 1993; Kayano et al. 1988; Chu 1991) . Aceituno (1988 Aceituno ( , 1989 , Rogers (1988) , Kiladis and Diaz (1989) , Hastenrath (1976 Hastenrath ( , 1990 , and Halpert and Ropelewski (1992) place this region in a broader hemispherical and global context. Generally, negative anomalies in rainfall and streamflows are associated with the warm phase of ENSO (El Niño), and positive anomalies with the cold phase (La Niña), although there are some regional differences in timing and amplitude. As an illustration, Fig. 1 shows smoothed monthly values of the Southern Oscillation index (SOI, defined as the standardized difference between Tahiti and Darwin sea level pressures), the discharges of the Cauca River, Colombia (1946-94) , and the average rainfall over Amazon basin (5.965 ϫ 10 6 km 2 ). The latter data are estimated from the set produced by the Earth Observing System Amazon Project (Instituto Nacional de Pesquisas Espaciais, Brazil, and the University of Washington, and provided by the Global Hydrology and Climate Center of the National Aeronautics and Space Administration), which contains monthly rainfall gridded (0.2Њ lat ϫ 0.2Њ long) during the period 1972-92. A 12-month low-pass digital filter is applied to remove higher frequencies associated with annual and intraannual variability. The derived correlation coefficient between SOI and the Amazon rainfall is 0.63, statistically significant at the 99.99% level once the degrees of freedom are reduced according to the scale of fluctuation of the processes (Vanmarcke 1988; Mesa and Poveda 1993) .
To illustrate the effect of extreme phases of ENSO on Colombian hydrology, Fig. 2 (top) presents the monthly discharges of the Magdalena river at Puerto Berrío, during El Niño (triangles) and La Niña (squares) years, according to the classification given by Kiladis and Diaz (1989) . The hydrologic year is considered from June (year 0) through May (year ϩ1). Figure 2 (bottom) illustrates the ratio of monthly mean discharges for the whole record and those in extreme phases of ENSO.
a. Correlation analysis
Correlation analyses are calculated between seven climatic variables over the Pacific and rainfall in Colom-
Monthly anomalies of the Magdalena River at Puerto Berrío, Colombia, with respect to the multiannual mean for El Niño (triangles) and La Niña (squares) years (top). Ratio of the average monthly discharges for El Niño (triangles) and La Niña (squares) to the multiannual averages (bottom).
bia. The variables used are the following: Southern Oscillation index (SOI), monthly mean sea surface temperature (SST) at regions Niño-1-2 (0Њ-10ЊS, 90Њ-80ЊW), Niño-3 (5ЊN-5ЊS, 150Њ-90ЊW), and Niño-4 (5ЊN-5ЊS, 160ЊE-150ЊW), and monthly mean zonal wind velocity in those regions (Uwin). All are extracted from the Comprehensive Ocean-Atmosphere Data Set (COADS; Slutz et al. 1985) . The series are first smoothed by using 12-month running means to facilitate the examination of correlations at interannual timescales. To ease interpretation of the results ( Table 1) the signs of the SSTs and some zonal wind indices are inverted. All coefficients are significant at the 95% level and show that Colombian precipitation is most highly correlated with the SOI, wind velocity at Niño-4, and SST at Niño-4 (N4), Niño-3 (N3), and Niño-1-2 (N1). Interestingly, the Niño-4 region in the central Pacific returns higher correlations than other regions closer to South America. Results (not shown here) suggest that additional variables such as the specific humidity in the Niño-1-2 region, and the meridional gradient of SST between the Colombian and Peruvian coasts are also correlated to precipitation variability over western and central Colombia.
Cross-correlation analyses between the SOI and discharges suggest that the influence of ENSO appear earlier in the west coast of Colombia and later in the eastern parts of the country. ENSO anomalies lead the hydrological anomalies by one month in the west, by 2-4 months in central Colombia, and by as much as 6 months in eastern South America, as reported for the Amazon River by Richey et al. (1989) and by Eagleson (1994) for the Trombetas River. The SOI exhibits the largest correlation ( Fig. 3) with La Vieja River (Cartago, Valle del Cauca, 4Њ46ЈN, 75Њ54ЈW) at 1-month lag (0.759), with the Luisa River (Pavo Real, Tolima, 4Њ13ЈN, 75Њ12ЈW), at 2-months lag (0.59), with Sumapaz River (El Profundo, Cundinamarca 4Њ00ЈN, 74Њ30ЈW) at 4-months lag (0.637), and with Chivor River (Ubalá, Boyacá, 4Њ47ЈN, 73Њ09ЈW) at 6-months lag (0.50). All correlations are statistically significant at 95%. These streamflow stations were chosen to have approximately the same latitude, but the progressive delay of the effect, as west longitude decreases, is observed everywhere. As will be discussed later, hydrological processes play a role in determining the velocity at which the anomaly propagates over the continent. Indeed, precipitation, soil moisture, and evapotranspiration anomalies at interannual timescales interact to modulate river discharge anomalies. Figure 4 presents a time-longitude diagram of standardized precipitation anomalies at the interannual timescale in the entire Amazon basin, for the 1972-92 period. Time series have been smoothed using a lowpass 12-month digital filter. Precipitation anomalies appear migrating eastward with time, in the period 1978 through 1981. The El Niño effects during 1976-77, 1982-83, 1986-87, and 1991-92 are evident in Fig. 4 , as is the La Niña of 1988-89.
b. Empirical orthogonal functions analyses
EOF analysis is applied to a dataset of rainfall records at 88 stations distributed over Colombia (Fig. 5) , which are selected for the quality of their records between 1958 and 1990. The analyses were repeated on monthly, 3-month, and 12-month running averages, following removal of the annual cycle by standardization (difference from the monthly mean divided by the standard deviation of the corresponding month). Up to 46% of the variance can be explained with the first four EOFs, distributed as follows: Figure 6 shows the first two EOFs for the 3-month running mean series of precipitation over Colombia. The first EOF (Fig. 6a) , explaining more than 30% of rainfall variability, has the same sign over the entire region, suggesting coherence in regional hydrological behavior at interannual timescales. The corresponding spatial variability broadly represents rainfall response to ENSO forcing, with central and western regions more affected than those on the Caribbean coast and the east. Physical mechanisms associated to the second EOF (Fig. 6b) are not clear, although they could be features of distinctive rainfall forcing either from the Pacific, the Atlantic, and the Amazon basin. The corresponding time series of the first principal component (PC) of rainfall ( Fig. 7a) confirms that El Niño events are associated with negative rainfall anomalies and La Niña with positive ones. A Fourier analysis of the first PC also identified important spectral peaks in the frequencies associated to ENSO at 54, 43, and 26 months (Fig. 7b) . The origin of the spectral peak at 26 months ( Fig. 7b) is an open question, although it could be a manifestation of the influence of the quasi-biennial oscillation (QBO). ENSO exhibits an important quasi-biennial (QB) component, not clearly related to the stratospheric QBO. Principal components are also computed for monthly river discharges from 55 stations (locations in Fig. 5 ) in the period 1959-90. All discharges are rescaled by the corresponding monthly standard deviations to facilitate comparison across basin scales. Basins whose rainfall inputs are affected by ENSO, show even higher correlations to SOI than rainfall (see Fig. 1 ). Basins act as filters to smooth out the variability and intermittency inherent in rainfall, but soil moisture and evapotranspiration are also affected by ENSO via temperature, wind, and moisture anomalies that vary coherently. The latter concept will be explored more fully. 
c. Discussion
These analyses are consistent with observations of the physical phenomena governing the hydroclimatology of Colombia during the extreme phases of ENSO. El Niño forcing brings low rainfall and discharges, and La Niña is even more strongly related to higher precipitation and streamflows. Correlation analyses suggest that ENSO may explain up to 50% of the observed variance in Colombian hydrology beyond the annual cycle, assuming a linear relationship. Several remarks must be made about these statistics. First, the annual cycle has been removed from both signals, by traditional standardization. Second, smoothed records (3-12-month low-pass filters or running means) are employed to filter out the annual cycle and higher frequencies. Third, all the analysis thus far belongs solely to the linear domain, yet the relationship of ENSO to hydrology is highly nonlinear, and therefore aspects of this type of dependence may be absent. The context of this search for cause-and-effect relationships is more complex than in a simple mechanical system, due to nonlinear interactions between different subsystems (atmosphere, ocean, soil, biosphere, cryosphere) all of which change at widely diverging timescales. Finally, the statistical significance of cross correlations is clearly affected by the autocorrelation of each series (Brown and Katz 1991) , for that reason significance figures were adjusted according to the scale of fluctuation of the processes (Vanmarcke 1988; Mesa and Poveda 1993) .
Correlations between climatic variables over the Pacific Ocean and the Colombian rainfall and runoff series are larger when those lead the Colombian hydrology by 3-4 months. This fact provides good possibilities of developing adequate hydrological predictive models. Certainly, use of such techniques contributes to improve hydrological forecasting, with tremendous practical consequences.
The overall relation between the indices of ENSO and the hydrologic variables is very consistent and physically reasonable, although these statistics suggest only association and are not proof of dependence. There are instances in which rainfall anomalies are not associated with extreme phases of ENSO, and vice versa. The 1982-83 El Niño event is the strongest in the record, but it did not produce intense dry anomalies. During 1957-60 Colombia experienced one of the more prolonged dry seasons in the record, but the 1957-58 El Niño was not particularly marked in either duration or intensity. One of the rainiest years on record (see Fig.  7a ) was 1971, which was accompanied by only a moderate La Niña event. Clearly, other factors affect Colombian hydrology besides ENSO, and their dependence is probably nonlinear. A good candidate is the North Atlantic oscillation (NAO), which exhibits significant correlations with the Colombian hydroclimatology (Poveda and Mesa 1996) . Moreover, other large-scale climatic phenomena may change the degree, and even the sign of the relation. Discussion of the physical mechanisms involved follows.
Feedbacks
It has been observed that the north tropical Atlantic and the Caribbean experience positive, though weaker, anomalies in sea surface temperature during, or after, the warm phase of ENSO (e.g., Covey and Hastenrath 1978; Hastenrath and Wu 1982; Pan and Oort 1983; Halpert and Ropelewski 1992; Curtis and Hastenrath 1995; Nobre and Shukla 1996; Wagner 1996) . This warming tends to be stronger during the March-May period. Physical mechanisms that are responsible for the links between the two oceanic basins remain elusive (Lau and Nath 1994) , although Curtis and Hastenrath (1995) show that the warming of the tropical Atlantic is the result of wind field perturbations.
We speculate that land-atmosphere interactions over tropical South America contribute to transmitting the signal from the Pacific to the Caribbean and the Atlantic, once El Niño is established. Figure 9 maps correlations between the first principal component of the monthly streamflows (3-month running means, 1959-90) and the SSTs at the Caribbean and the Atlantic, for the hydrology leading the SSTs by 1-6 months. Correlations increase in both absolute value and areal extent when the hydrologic variable leads the SSTs, reaching a maximum at 4-5 months. The region of higher correlation appears to travel eastward with time. Similar correlations (not shown) for the tropical South Atlantic exhibit lower values. By comparison, lagged correlations between the SOI and the SSTs over the Atlantic (Fig. 10 ) are lower and less extensive. Correlations maps between the Niño-3 SST record and those for the Caribbean and the tropical North Atlantic (not shown) exhibit even lower correlations. These results could be suggesting that precipitation, soil moisture, and evapotranspiration are important mechanisms in establishing the importance of the South American ''land-atmosphere bridge,'' which would connect the anomalies in the Pacific with those over the Atlantic. There is an imperfect understanding of the physical processes involved in such forcing, but the overall hydrological situation of tropical South America intimates strongly the existence of the bridge. We propose the mechanisms to explain the possible influence of tropical South America land-surface process on the north tropical Atlantic SST, at interannual timescales, as follows. The anomalous warming of the Pacific in the Niño-4 and Niño-3 regions acts as a Rossby wave source. The resultant changes in atmospheric circulation produce anomalies in the global circulation that propagate to the east as shown by Yasunari (1987, see his Fig. 7 with the sea level pressure composite anomaly) and Hsu (1994, see his Figs. 1a and 10a showing the global anomalies in OLR). Those oceanic-atmospheric perturbations attain the familiar echelon pattern throughout the central-eastern tropical Pacific, almost symmetrical about the equator, leading toward the Americas and similar to the SST anomalies during El Niño. Notice that the anomalies over tropical South America exhibit an inverse sign to those of the tropical Pacific. Tropical rainfall response is quite different over the Pacific where convection and precipitation are intensified during El Niño events, while negative anomalies prevail over continental South America.
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Anomalous high surface pressure is established in tropical South America [ Fig. 11 .27a of Gill (1982) , Fig.  7 of Yasunari (1987) , and Fig. 5 of Aceituno (1988) ], particularly during the DJF period, seemingly the result of an anomalous Hadley cell that subdues the ascent of moist air and the associated convection and precipitation. This pattern appears as a common feature of ENSO, because it has been identified during El Niño events of 1982 -83, 1986 -87, and 1991 -92 (Rasmusson and Mo 1993 . The areal extent of those anomalies is much more broader than tropical South America. That very observation confirms the importance of the interaction between the land and atmosphere in tropical South America to influence the tropical Atlantic circulation. The impact of interannual variability of the land-atmosphere system in tropical South America is so large that the whole upper-atmospheric circulation and the divergent flux are perturbed beyond its frontiers. There are modeling results (Zeng et al. 1996 ) that suggest that deforestation scenarios of the Amazon basin (in many ways similar to the effects of the warm phase of ENSO), would produce a weakening of the sea surface temperature gradient along the tropical Atlantic Ocean, and also it could affect the global atmospheric circulation through perturbations of both the Walker and the Hadley cells (Zhang et al. 1996) . Indeed, rainfall in the Amazon basin has been recognized as a modulator of convection in the Atlantic ITCZ and over the eastern Pacific (Silva Dias et al. 1987 ). The anomalous increase in sea level pressure over tropical South America during El Niño contributes to the displacement and maintenance of the center of convection of the ITCZ toward the west and the south of its normal position (Pulwarty and Diaz 1993) . During El Niño, the meridional gradient of SST between Colombian coastal waters and the cold tongue diminishes. This produces a decrease in the low-level cross-equatorial westerlies winds and the advection of moisture from the Pacific thus contributing to the drought. On top of that, there is a reduction in Atlantic weather systems activity over northern South America (Frank and Hebert 1974; Gray and Sheaffer 1991) , thereby decreasing moisture advection and precipitation events over northern South America, including Colombia. Thus, El Niño could contribute to cooling of the troposphere over this region due to a decrease in the release of latent heat of condensation associated with negative anomalous precipitation, despite the surface warming due to decreased evaporation and cloudiness (see Fig. 2a of Nigam 1994) .
The interannual anomalies in precipitation (Lau and Sheu 1988; Hsu 1994; Kousky and Kayano 1994) force negative anomalies in soil moisture, at the same timescale. In tropical South America this fact has been reported by Nepstad et al. (1994) and by Jipp et al. (1997) , from experimental data gathered in the Amazon basin forests and pastures: soil moisture deficits associated to the 1991-92 El Niño event persisted until 1994. The obvious hydrological connection between soil moisture and river discharges validates the conclusions drawn from the isocorrelation maps shown in Fig. 9 . Modeling results confirm the interannual modulation of soil moisture at ENSO timescales. Temporal variability of monthly soil moisture anomalies in tropical South America has been examined through estimates of average ground wetness (a ratio of soil moisture to the maximum moisture, w/ws, ws ϭ 150 mm) for the globe (see details in Schemm et al. 1992) . Figure 11 presents the temporal evolution of monthly average ground wetness anomalies over the Amazon, Orinoco, and Magdalena River basins for the period 1979-92. Data have been smoothed using a 12-month low-pass filter (thick line). Long-term persistent behavior of soil moisture at the interannual scale is clearly observed, as are the modulation of soil moisture by the El Niños of 1982-83 and 1986-87 and by the La Niña of 1988.
Due to soil moisture depletion during El Niño, evapotranspiration rates are also reduced. This affects the partitioning of the surface energy balance, especially between latent and sensible heating. Nepstad et al. (1994) report a 28% reduction in evapotranspiration during an El Niño (1992-93), compared to non-El Niño years (1991 and 1994) over Amazonian forests and a 42% decline above pastures. Evapotranspiration is clearly reduced in pastures and secondary forests of the Amazon basin during dry seasons, in particular during those forced by El Niño (Hodnett et al. 1996) . Similar reductions in evapotranspiration are reported by Vörös-marty et al. (1996) from water balance estimates for the whole Amazon River basin during the period September 1983 -August 1984 , following the 1982 -1983 El Niño event. Interannual anomalies in soil moisture and evapotranspiration are more critical than those caused by the annual cycle. Assuming that during normal years water is not the limiting factor to determine the Bowen ratio, the Amazon basin could be seen as an ocean. During ENSO events, water can be the limiting factor, due to the amplitude and length of the dry period, and therefore its anomaly is much more critical. As a consequence, the system responds in a completely different manner.
Reductions in evapotranspiration lead to further precipitation deficits, as large proportions (35%-50%) of rainfall in the Amazon basin are believed to be derived from evapotranspiration recycling (Shuttleworth 1988; Elthair and Bras 1994) . This is a crucial aspect of the feedback mechanisms of land-atmosphere interactions during ENSO over tropical South America. . Precipitation reduction is also consistent with the development of an anomalous position and direction of the Hadley cell toward the equator. Implicit here is the existence of a positive feedback effect between the tropical precipitation and the Hadley circulation (Numaguti 1993) .
During the warm phase of ENSO, the cooperative
Lagged isocorrelations (%) between the first principal component of the Colombian river discharges (3-month running means) and sea surface temperatures at each location. Streamflows are leading the Atlantic SSTs from 1 to 6 months. Notice that the region of larger correlations is traveling eastward and gaining areal extent with time, and peaks at 4-5 months. effect of a lower sea level pressure in the North Atlantic (Nobre and Shukla 1996) and the increased surface atmospheric pressure in tropical South America contributes to reduce the surface pressure gradient between the two regions. Figure 12 presents the time series of standardized anomalies for both the mean sea level pressure gradient between the Azores Islands (25Њ-35ЊW, 30Њ-40ЊN) and northern South America (50Њ-70ЊW, 3ЊS-10ЊN), as well as precipitation over the latter region, for the period 1982-94, as obtained from the The National Centers for Environmental Prediction (NCEP)-National Center for Atmospheric Research (NCAR) reanalysis project. It can be seen that negative precipitation anomalies over the region are well associated to anomalous negative sea level pressure gradient (lower North Atlantic High and higher tropical South America). These mechanisms in turn contribute to the weakening of the northeast trades, triggering oceanic warming over the Caribbean and the north tropical Atlantic.
Coupling between the reduction (enhancement) of the easterly trade winds and warming (cooling) of the tropical north Atlantic and pressure gradient reduction (increasing) during or after the warm (cold) phase of ENSO has been reported by Horel et al. (1986) , Marengo (1992) , Pulwarty (1994) , Curtis and Hastenrath (1995) , and Nobre and Shukla (1996) . Interestingly, Carton and Huang (1994) argue that during the Atlantic warm events the ocean acts as a passive guide through which heat is shifted from west to east in response to changes in the wind field. This kind of eastward displacement would be manifest in the correlation maps of Fig. 9 . The observations and the proposed mechanisms presented here are also in agreement with the suggestion of Zebiak (1993) that SST variability over the tropical Atlantic may be related to land-surface interactions and to large-scale forcing related to ENSO, and also with the proposed positive feedback between land-surface and atmospheric processes in the South America-Atlantic ocean-atmospheric circulation (Zeng et al. 1996) . Once the SSTs increase over the Caribbean and the north tropical Atlantic, coupled ocean-atmosphere phenomena carry the signal through the rest of the Atlantic toward Africa, as suggested by Carton and Huang (1994) . 
Conclusions
Large-scale coupled ocean-atmosphere phenomena force hydrologic anomalies in tropical South America at interannual scales. Extensive data analyses illustrate the influence of ENSO on the hydrology of tropical South America. Broadly, El Niño stimulates dry periods and La Niña is associated with excessive moisture, rainfall, and river discharges. The impact of La Niña is stronger than El Niño's impact. Because of multiple nonlinear interactions among diverse geophysical phenomena, the relationship is not a simple one, exhibiting differences in amplitude, timing, and duration, but the zero-order effect is clear. There is evidence of an eastward propagation of ENSO effects in streamflow in Colombian and other tropical South American rivers. The situation over the Atlantic is also important in modulating the influence of ENSO over the region, as the North Atlantic oscillation exhibits an interesting coupling with the hydrometeorology of tropical South America. The influence of large-scale ocean-atmosphere phenomena on hydrologic anomalies needs to be accounted for in water resources systems planning, and management. In the past, during droughts associated with El Niño, Colombia has attempted cloud seeding to sustain reservoir levels (López 1966) . The 1991-92 El Niño event caused losses of about $1 billion to the national economy, due to prolonged electricity shortages forced by the drought. Colombia now carefully monitors the evolution of the climatic situation, especially over the Pacific, with a view to the operation of its water resource systems and their future expansion.
Hydrological anomalies are not passive spectators of the ''surrounding climate'' but can contribute to its shaping. The case of tropical South America is an example of such feedback. We have hypothesized the mechanisms by which the hydrology of tropical South America plays an important role in constructing the ''land-atmosphere bridge'' connecting SST in the Pacific to those of the tropical north Atlantic and Caribbean, once an El Niño event develops. In particular, surface pressure, precipitation, temperature, evapotranspiration, soil moisture, and river runoff are highly interconnected in a coherent system. The resulting effect would produce weakening of the trade wind field that ultimately contributes to the warming of the Caribbean and the tropical North Atlantic. Dry conditions induced by El Niño are self-reinforced through the dynamics of precipitation recycling and hydrological processes over the region. Soil moisture over the continent plays a similar role that of sea surface temperature over the oceans in driving the dynamical partition of water and energy budgets at the land-atmosphere and ocean-atmosphere interfaces, respectively. This paper presents evidence of long-term persistent behavior of soil moisture anomalies at interannual timescales over the Amazon, Orinoco, and Magdalena River basins, which suggest that soil moisture over the region is an important component of ENSO. More detailed soil moisture datasets need to be collected and analyzed over the region to confirm these results.
